is due in part to the tightly packed structure which prevents the access of liquids and small 49 molecules such as enzymes from the interior of the crystalline cellulose particle.
50
In general, the recalcitrant nature of lignocellulosic biomass means that pre-treatment 51 steps are necessary to achieve optimum conversions of lignocellulose into biofuel. Pre-treatment for its cellulase enzyme production (Wood & McCrae, 1978) . Aspergillus niger is a common 85 contaminant of food and produces black mould on some fruits and vegetables. It has GRAS 86 status by the U. S. FDA under the Food, Drug, and Cosmetic Act (Schuster et al. 2002) . It 87 produces a wide variety of extracellular enzymes, and thus is used in a wide variety of industrial 88 processes such as: the production of glucoamylase for sugar production; pectinase production 89 used for juice and wine clarification; production of proteases which are used to reduce the gluten 90 content of beer; and more. Relevant to this project is the production of cellulase complexes.
91
Aspergillus is known to produce high amounts of β-amylase particularly (Bansal et al. 2012 ).
92
The use of insect larvae in agricultural and food systems has recently gained popularity conditions, the larvae can reach the pre-pupal stage in 2-3 weeks. Captive, large-scale, indoor 98 breeding of the BSF has been achieved, making them suitable for both small scale and 99 commercial applications (Sheppard et al. 2002) . The BSF larvae (BSFL) are high in lipid, as well 100 as protein (40-44% dry matter (DM)), calcium (5-8% DM), and phosphorous (0.6-1.5% DM) 101 (Makkar et al. 2014) . The amount of lipid is highly variable and dependent upon the feed source 102 of the larvae. Literature reported lipid values ranged from 15% on poultry manure diet to as high 103 as 49% on oil rich diets (Makkar et al. 2014) . They have an amino acid profile comparable to D r a f t 6 fishmeal, and are sold commercially for use in aquaculture, poultry and pig feeding where they 105 have shown high acceptability in feeding as compared to traditional feeds (Makkar et al. 2014 ).
106
The protein and lipid in BSFL can be separated for use in animal feed and conversion into high 107 quality biodiesel respectively (Li et al. 2011; Zheng et al. 2012a; Zheng et al. 2012b with 16 mL of seed culture of a single strain, and the moisture was adjusted to 75% moisture.
163
The samples were fermented at 30 °C for 7 days, and were mixed once per day using aseptic 164 technique. A control sample was prepared identically to fermented DDGS, but without seed 165 culture inoculation.
166
The samples were prepared inside of containers with small holes placed all around the lid 167 to allow moisture and gas transfers during SSF. These containers were all placed into a larger 168 container, ensuring to not obstruct ventilation holes. Small containers of water were also placed 169 inside of a larger plastic container to maintain high humidity. The relative humidity was 75%
170
(±7% according to manufacturer's specifications), which was measured using Accu-Temp Brand
171
Humidity Meter. At the conclusion of SSF, all of the samples were frozen at -4 °C. Samples 172 were thawed prior to larval addition by allowing equilibration with room temperature. into pre-weighed 25 mL centrifuge tubes with caps. Acetic acid (80%; v/v) was added at 2.0 mL/ 188 g (wwb) substrate, and nitric acid (69%; v/v) was then added at 0.2 mL/ g (wwb) substrate.
189
These acids served to de-lignify the substrate and hydrolyze non-cellulosic compounds. The vortexing, and then the second wash was used to wash the walls of the vessel free of substrate.
198
After each wash, the sample was centrifuged, and the supernatant was removed via vacuum 
255
The analyses of nutrient profiles changes were conducted for fresh SSF-DDGS and for 256 spent feeds after SSF-DDGS was fed to BSFL. The items analyzed included: 1) proteins, lipids, 257 carbohydrate and ash contents, 2) the amount of DDGS before and after BSFL culture, and 3) 258 amounts of recoverable glucose from SSF-DDGS before and after BSFL culture. The proximate 259 are given in the nutrient ratios in each sample, and sugar recovery was converted to the amount 260 recoverable from 100g of SSF-DDGS. The spent feeds were then analyzed for the recoverable glucose with three-step sugar- Table 2 ). All SSF-processing (Days 0 in Table 2) (Table   337 2).
338
The sugar yields from enzymatic hydrolysis of SSF-DDGS before and after BSFL 339 digestion are also shown in Table 2 . Since amorphous cellulose and free glucose were removed 340 in the preceding analysis, the results of this enzymatic hydrolysis correspond to the hydrolysis of 341 crystalline cellulose. The amount of glucose liberated from Control DDGS did not significantly 342 increase during larval digestion (Day 3 ~ 12). SSF treated DDGS samples substantially increased 343 the susceptibility of cellulose to enzymatic hydrolysis which resulted in higher glucose yields. P.
344
chrysosporium SSF treatment increased glucose yields (5.2 g/100g SSF-DDGS), which were 345 greater than seven times of the glucose yield from the Control DDGS (0.7 g/100g SSF-DDGS).
346
All SSF treated DDGS (Day 0 before BSFL introduction) had higher glucose yields than the cellulose in spent feeds, we conducted the sugar recovery from spent feeds.
393
We considered the forms of recoverable glucose in three states in the spent DDGS feed: 
404
Asperigillus niger is regarded as an excellent producer of β-glucosidase, an enzyme 405 which cleaves the glycosidic bond between two β-D-glucose monomers resulting in the 406 production of glucose (Lynd, 1996) . In general, increases in DDGS free-glucose concentrations 
